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(54) OFDM signal processor performing digital delay 



(57) An orthogonal frequency division multiplex 
(OFDM) signal processor comprising A/D converter 12 
to receive OFDM signals, and perform digital signal con- 
version of them, memory element (13) to store in the 
memory area the OFDM digital signals for predeter- 



mined time set from the outside, and read them out 
again, and D/A converter 14 to convert the read out 
OFDM digital signals to OFDM analog signals. 
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Description 

[0001] The present invention is a signal processor, 
relating to an orthogonal frequency division multiplex 
(hereafter, called as OFDM) signal processor to output s 
an OFDM signal as an analog OFDM signal with arbi- 
trary delay time by a semiconductor memory. 
[0002] An OFDM method has recently drawn con- 
siderable attenton as a modulation demodulation 
method of a new standard. Broadcasting service using io 
the OFDM method may provide a single frequency net- 
work (SFN), wherein receiving stations receive radio 
waves from a plurality of transmission towers, and time 
differences between radio waves are required to be as 
small as within guard inten^als, and transmit OFDM sig- is 
nals with predetermined delay time for transmission 
towers respectively to the towers from a modulator. 
[0003] However, the quantity of the delay time is 
needed to be several microseconds or more in this 
case. and. the adjustment of the delay time according to 20 
circumstances is required. But there has been a prob- 
lem that analog delay lines have difficulty in adjusting 
the delay time of the order of microseconds, and cause 
large signal degradation. 

[0004] The present invention has been made in 2$ 
consideration of the above circumstances, and the 
object of the invention is to provide an OFDM signal 
processor to eliminate time differences between a plu- 
rality of transmission towers through arbitrary delay time 
of OFDM signals by using a semiconductor memory. 30 
and an OFDM signal transmitter comprising the same. 
[0005] The present invention is an OFDM signal 
processor comprising: digital signal conversion means 
(1 1 .12.16) for receiving OFDM signals of an analog sig- 
nal, perform digital signal conversion of them, and out- 3S 
put OFDM digital signals; memory means (13) for 
storing in the memory area OFDM digital signals from 
the digital signal conversion means for predetermined 
time set from the outside, and read them out again; and 
analog signal conversion means ( 1 4. 1 5. 1 9) for perfam- 40 
ing analog signal conversion of digital OFDM signals 
read out from the memory element, and output delayed 
analog OFDM signals. 

[0006] The OFDM signal transmitter of the present 
invention is able precisely to eliminate time differences 45 
between a plurality of transmission towers, and 
achieves remarkably better precision and operation 
than those of analog delay. 

[0007] This summary of the invention does not nec- 
essarily describe all necessary features so that then so 
invention may also be a subK^ombination of these 
desaibed features. 

[0008] This invention can be more fully understood 
from the following detailed desaiption when taken in 
conjunction with the accompanying dravnngs, in which: ss 

FIG. 1 shows a block diagram of a delay apparatus 
of OFDM signals according to the present inven- 



tion. 

FIG. 2 shows a schematic view of a transmission 
system comprising a delay apparatus of OFDM sig- 
nals according to the present invention. 
FIG. 3 shows a blod^ diagram of an OFDM signal 
transmitter with a delay function of OFDM signals 
according to the present invention. 

[0009] Details of one of embodiments of the inven- 
tion will be desaibed below, referring to drawings. 
[0010] FIG. 1 shows a block diagram of a delay 
apparatus of OFDM signals according to the present 
invention. In FIG. 1. the d^ay apparatus comprises: a 
down-converter 11; a local oscillator 16 connected to 
the down-converter; an A/D converter 12; a memory 13; 
a clock oscillator 17 to provide a dock signal of a prede- 
termined frequency to the memory; a setting switch 
(SW) 18 to have digital data provided from the outsWe 
corresponding to a predetermined delay time to the 
memory 13; a D/A converter 14 to perform analog con- 
version of signals from the memory 13; an up-converter 
1 5 connected to the D/A converter; and a local oscillator 
1 9 connected to the up-converter. 
[0011] FIG. 2 shows a schematic view of a trans- 
mission system comprising a delay apparatus of OFDM 
signals. In FIG. 2. required number of the delay appara- 
tuses described in FIG. 1 are connected to a OFDM 
modulator 21. In FIG. 2, transmission towers A-G are 
connected to the OFDM modulator 21 through corre- 
sponding delay apparatuses A-C, 22-24. respectively, 
and a transmission towers D to the modulator 21, 
directly without a delay apparatus, as the tower D is at 
the greatest distance. 

[0012] The detail of the operation of the present 
invention will be described below, referring to FIG. 1 and 
FIG. 2. 

[0013] Firstly, an OFDM signal is applied to the 
delay apparatuses A-C, 22-24, respectively, from the 
connected OFDM modulator 21. The OFDM signal is 
applied to the down-converter 1 1 for down-conversion, 
based on clock signals from the local oscillator 16, to a 
baseband signal. Secondly, the baseband signal is 
applied to the A/D converter for A/D conversion to digital 
data. Arbitrary delay processing of the digital data is 
performed by the memory 13 [[Translator's comment: 
the original "18" should be corrected to "131], according 
to values given from the setting SW 18. That is. the dig- 
ital data are output after performing required delay 
processing by storing the digital data for set delay time 
and reading them out. And the digital data with required 
delay time are applied to the D/A converter 14 for D/A 
conversion to an analog signal. Rnally, the analog sig- 
nal is output after up-conversion. 
[0014] In the method of the present invention, the 
delay processing is performed after conversion of 
OFDM signals into digital data to cause more accurate 
setting of delay time than the case of analog signals, 
and there is no change in degradation quantity of the 
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signals even with change of delay quantity. The digital 
processing causes easy change in delay time. 
[0015] Moreover, the details of one embodiment of 
OFDM signal transmitters incorporating a plurality of 
functions of the above digital delay apparatus of the 
present invention will be described below. FIG. 3 shows 
a block diagram of an OFDM signal transmitter with a 
delay function of OFDM signals according to the 
present invention. 

[0016] In FIG. 3, the OFDM signal transmitter com- 
prises: a mapping circuit 31 to which signals to be trans- 
mitted are applied; an inverse fast Fourier transform 
(hereafter, called as IFFT) circuit 32; an orthogonal 
modulation circuit 33; a plurality of menxjries 118, 121. 
124 connected to the modulation circuit: D/A converters 
119, 122, 125 connected to the memories respectively; 
clock oscillators 1-3. 112. 114 [[Translator's comment: 
the original "121" should be corrected to 1 14)]), 1 16 to 
apply clock signals to those memories and D/A convert- 
ers; dip switches, setting SWs, 1-3, 111. 113, 115, 
respectively to set the required delay time from the out- 
side according to the memories; and up-converters 126- 
128 respectively to up-convert outputs from the D/A 
converters. 

[0017] In the configuration such as the above, sig- 
nals to be transmitted are applied to the IFFT circuit 32, 
after the signals are mapped by a mapping circuit 31 to 
signal points on the conplex planes according to modu- 
lation methods of carriers. The IFFT circuit 32 gener- 
ates effective symtx>l interval signals by converting 
signals to be transmitted for one symbol to the time 
domain after IFFT processing of the signals, and has a 
function to generate baseband OFDM signals by adding 
the rear part of effective symbol Interval signals before 
the effective symbol interval signals as guard interval 
signals for each symbol. Then, the generated baseband 
OFDM signals are applied to the orthogonal modulation 
circuit 33. The orthogonal modulation circuit 33 con- 
verts the frequency of the baseband OFDM signals to 
signals having an intermediate frequency (IF) band by 
orthogonal modulation of the baseband OFDM signals. 
[0018] Here, delay processing of the frequency- 
converted OFDM signals is performed by the memories 
118, 121, 124. respectively In order to adjust the delay 
time according to the location of the transmission tow- 
ers A-D (there is no delay apparatus for the transmis- 
sion tower D, as the tower is at the greatest distance, 
and delay processing at the tower is not performed.), 
the delay time given from the dip switches 1-3.111,113, 
115 is set in the memories 118. 121. 124, respectively. 
Thereby, digital signals with required delay time are 
converted into analog signals by the D/A converters 
119, 122, 125, respectively And, the OFDM signals in 
an IF band are converted to signals in a radio frequency 
(RF) band by the tp-converters 126-128. and the fre- 
quency-converted signals are output from the transmis- 
sion towers A-C. respectively 
[001 9] As mentioned at>ove, it has become possible 



to achieve more accurate signal delay processing 
through delay processing of digital signals to provide an 
OFDM signal transmitter capat)le of eliminating minute 
differences in the delay time between a plurality of the 

5 transmission towers A-D. 

[0020] The present invention is not limited to the 
above-mentioned embodiments. Naturally, it covers var- 
ious variants and generalizations accessible to the per- 
son skilled in tine art according to the scope of tiie 

10 invention. For example, it is possit)le to apply the OFDM 
signal processor to various types of digitally modulated 
signals other tiian OFDM signals. 
[0021 ] As mentioned above, it is possible to provide 
OFDM signals with arbitrary delay time witii the mini- 

75 mum signal degradation and achieve realization of SFN 
by tiie OFDM signal processor. 
[0022] Moreover, the OFDM signal transmitter witfi 
tiie delay processing function has the same effects. 

20 Claims 

1 . An orthogonal frequency division nuiltiplex (OFDM) 
signal processor comprising: 

25 digital signal conversion means (1 1 , 1 2. 1 6) for 

receiving OFDM signals of an analog signal, 
performing digital signal conversion of them, 
and outputting OFDM digital signals; 
memory means (13) for storing in the memory 

30 area OFDM digital signals from the digital sig- 

nal conversion means for predetermined time 
set from the outside, and reading them out 
again; and 

analog signal conversion means (14. 15, 19) 
35 for performing analog signal conversion of dig- 

ital OFDM signals read out from ttie memory 
means, and outputting delayed analog OFDM 
signals. 

40 2. An OFDM signal processor according to claim 1. 
characterized in that the digital signal conversion 
means includes 

down-conversion means (11) for receiving the 
45 OFDM digital signals of an analog signal, and 

down-converting them; and 
digital signal conversion means (12) for con- 
verting the OFDM signals down-converted by 
the down-conversion means to digital signals; 
50 wherein the analog signal conversion 

means includes up-conversion means (15) for 
up-converting tine OFDM signals converted to 
analog signals by the analog signal conversion 
means. 

55 

3. An OFDM signal processor according to claim 1, 
characterized in that the memory means includes 
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dip switch element(18); and 
memory means (13) to store in the memory 
area digital signals from the digital signal con- 
version means for the predetermined delay 
time set by the dtp switch element. s 

An OFDM signal processor according to daim 1 . 
characterized by further comprising; 



mapping means (31) for receiving signals to be 
transnnitted. and performing mapping process- 
ing of them; 

IFFT processing means (32) for performing 
IFFT processing of the mapping -processed 
signals to be transmitted; and 
orthogonal modulation means (33) for perform- 
ing orthogonal modulation of the IFFT-proc- 
essed signals, outputting the OFDM signals, 
and applying them to the digital conversion 
means. 
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sion means; 

second digital signal conversion means (11, 
12. 16) for receiving the OFDM signals of an 
analog signal from the orthogonal modulation 
means, performing digital signal conversion of 
them, and outputting OFDM digital signals: 
second menrwry means (13) for storing in the 
menrwry area the OFDM digital signals from 
the second digital signal conversion means for 
second predetermined time which is set from 
the outside, and different from the predeter- 
mined time of the first memory means; and 
second analog signal means (14, 15. 19) for 
performing analog signal conversion of the 
OFDM digital signals read out from the secortd 
memory means, and outputting delayed sec- 
ond analog OFDM signals. 

An OFDM signal processor according to claim 1, 
characterized by further comprising: 



5. An OFDM signal processor according to claim 1 , 
characterized by further comprising; 

mapping means (31 ) for receiving signals to be 25 
transmitted, and performing mapping process- 
ing of them; 

IFFT processing means (32) for performing 
IFFT processing of the mapping-processed 
signals to be transmitted ; 30 
orthogonal modulation means (33) for perform- 
ing orthogonal modulation of the IFFT-proc- 
essed signals. *utputting the OFDM signals, 
and applying them to the digital signal conver- 
sion means; 35 
means (22) for applying the delayed OFDM 
analog signals from the analog signal conver- 
sion means to a first transmission tower (A); 
and 

means (21) for applying the OFDM signals 40 
applied from the orthogonal modulation means 
without any delay to a second transmission 
tower (D) different from the first transmission 
tower. 

45 

6. An OFDM signal processor according to daim 1 , 
characterized by further comprising: 

mapping means (31) for receiving signals to be 
transmitted, and performing mapping process- so 
ing of them; 

IFFT means (32) for performing IFFT process- 
ing of the mapping-processed signals to be 
transmitted; 

orthogonal modulation means (33) for perform- ss 
ing orthogonal nrxxJulation of the IFFT-proc- 
essed signals, 'utputting the OFDM signals, 
and applying them to the digital signal conver- 



mapping means (31) for receiving the signals 
to be transmitted, and performing mapping 
processing of them; 

IFFT means (32) for performing IFFT process- 
ing of the mapping-processed signals to be 
transmitted; 

orthogonal nxxJulation means (33) for perform- 
ing orthogonal modulation of the IFFT-proc- 
essed signals, outputting the OFDM signals, 
and applying them to the digital signal conver- 
sion means: 

means (22) for applying the delayed OFDM 
analog signals from the analog signal conver- 
sion means to a first transmission tower (A); 
second digital signal conversion means (11, 
12, 16) for receiving the OFDM signals of a 
analog signal from the orthogonal modulation 
means, performing digital signal conversion of 
them, and outputting OFDM signals; 
second menrx)ry means (13) for storing in the 
menrx)ry area the OFDM digital signals from 
the second digital signal conversion means for 
second predetermined time which is set from 
the outside, and different from the predeter- 
mined time of the first memory means; 
second analog signal means (14, 15, 19) for 
performing analog signal conversion of the 
OFDM digital signals read out from the second 
memory means, and outputting second analog 
OFDM signals with delay time of the second 
predetermined time; 

means (22) for applying the delayed OFDM 
analog signals from the second analog signal 
conversion means to a second transmission 
tower (B) different from the first transmission 
tower (A): artd 

means (21) for applying the OFDM signals 
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^ applied from the orthogonal modulation means 

without any delay to a third transmission tower 
(D) different from the second transmission 
tower. 
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